This project involves extending the previous analysis of infrared excesses among a volume-limited sample of 134 nearby A-K main-sequence stars to a magnitude-limited sample of stars, culled from the SAO Catalog, with excesses determined from the IRAS Point Source Catalog flux density ratios. This new sample includes 5706 B-M type stars, 379 of which have infrared excesses. Our objective involved use of a statistically complete survey of objects in a standard catalog in order to assess the frequency with which different physical processes can affect the infrared output of stars. These processes include, but are not limited to, orbiting cold particle clouds (Vega-hke, star/planet formation remnants), and the onset of rapid mass loss (evolved stars). We conclude that cold disks are consistent with the infrared excesses found among A-G dwarfs and G-K giants in our sample.
I. INTRODUCTION
The discovery of the strong far-infrared emission from a region surrounding the star a Lyrae ( Aumann et al. 1984 ) was the first indication that nearby main-sequence stars possess clouds of cool grains that may be associated with the process of planet formation. Several other examples were bright enough to stand out in the raw data during the IRAS mission (Gillett 1986 ). Surveys were later made of the stars in the volume-limited Gliese and Wolley catalogs (Aumann 1985; Backman and Gillett 1987) and in the magnitude-limited Bright Star Catalog (BSC; Cohen et al 1987) , the SAO Catalog (Walker and Wolstencroft 1988) , or by specific spectral class (Odenwald 1986; Cote 1987; Sadakane and Nishida 1986) . These surveys found approximately 50 additional cases of cool stellar emission.
This paper describes a study of the IRAS Point Source Catalog flux densities for sources associated by position with SAO stars. The goals of the analysis were to determine median properties of normal infrared emission by spectral class, and to find cases of infrared emission significantly in excess of the norms. Although SAO spectral types are generally less reliable than those in the BSC, we found in aggregate that the median infrared colors by spectral type group were comparable to those derived by Cohen et al ( 1987) (cf. Table 1 below).
II. PROCEDURE a) Sample Selection
The IRAS Point Source Catalog, Version 2 1988 (PSC2) includes reference to SAO stars found within 60" of cataloged sources. Details of the IRAS instrument, mission, and result-1 Guest Investigators with NASA's Infrared Astronomical Satellite (IRAS).
ing catalogs can be found in Neugebauer et al. (1984) and the IRAS Explanatory Supplement (1985) . The sample studied here consists of all 5706 PSC2 sources satisfying ( 1 ) measured flux density in band 1(12 ¿¿m) and at least one other IRAS band (band 2 = 25 pm, band 3 = 60 pm, or band 4 = 100 pm), (2) Galactic latitude \ b\ > 25°, and (3) positional association with an SAO star. The two-band detection constraint essentially limited our survey to the highest signal-to-noise PSC2 band 1 (12 pm) data, EQUAL = 1. In four cases where an IRAS source was associated with more than one SAO star, the source was identified with the brighter star. Column (2) of Table 1 lists the number of stars in the sample by temperature class. The type "X" stars in Table 1 are those without assigned spectral type in the SAO Catalog.
It can be demonstrated that the Galactic latitude constraint, introduced to avoid possible problems caused by source confusion near the Galactic plane, does not produce arbitrary segregation between dwarfs and giants in our sample, in view of the high degree of correspondence between the number of stars of each type observed within SAO and PSC2 magnitude limits and the number predicted from stellar space densities (cf. Mihalas and Binney 1982) . Statistics of 12 pm detection by luminosity class confirm the prediction of S. Kleinmann ( 1987, private communication) that IRAS would be most sensitive to normal yellow giants.
b) Determination of Photospheric Flux
The 12 pm flux density was used to define the level of the photosphere for extrapolation to longer wavelengths. The possibility that the 12 pm flux density is contaminated by nonphotospheric emission can be investigated with near-infrared measurements (discussed below), but the majority of SAO stars lack published 1-5 pm photometry. However, any 12 pm excesses would cause us to underestimate longer wavelength ex- Note.-XI2/25 is the 12 to 25 fim flux density ratio; XI2/60 is the 12 to 60 /¿m flux density ratio; and XI2/100 is the 12 to 100 jam flux density ratio.
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cesses. Hence, our assumption that the 12 fim flux density is photospheric is conservative in the sense that any longer wavelength excesses will be enhanced in the event that a given 12 fim flux density is shown in the future to be above photospheric levels.
c) Determination of Photospheric Flux Density Ratios
Median band 1 to band 2(12 /xm/25 pm) flux density ratios (hereafter X12/25) were determined for each spectral class using all the objects in the full sample and were assumed to represent the normal continuum slope. The mechanisms of continuum infrared emission in stars are such that significant deviations from a roughly Rayleigh-Jeans spectrum will necessarily be excesses, not deficits. Thus the median ratio rather than the mean is the best estimate of the center of the population.
The assumed photospheric continuum slopes were extrapolated to 60 and 100 /¿m by converting the median X12/25 ratios for each spectral type to equivalent color temperatures and calculating corresponding XI2/60 and XI2/100 ratios. The values of X12/25, X12/60, and X12/100 representing our best estimates of normal photospheric far-infrared properties are listed by spectral class in columns (4), (5), and (6) of Table 1 .
d) Scatter in Photospheric Flux Density Ratios
The distribution of observed ratios about the median values could be caused by separable effects of instrumental error, intrinsic scatter of properties within a temperature class, and some cases of true excess emission. Another consequence of the fact that real photospheric continuum slopes cannot be much steeper than a Rayleigh-Jeans spectrum is that the difference between the median X12/25 ratio and the largest (bluest) ratio observed indicates the range of X12/25 values which are not significantly different from the median. We found that the amount of scatter in X12/25 values for each spectral class measured in this way was in general larger than could be explained simply by the photometric signal-to-noise ratios. Thus, an intrinsic scatter in the X12/25, etc., slopes in each spectral class is likely present.
The intrinsic variation of continuum slopes is characterized by the quantity Y in column (3) of Table 1 expressed as a percentage uncertainty in the XI2/25, etc., values tabulated. Values of Y were determined for each spectral class by assuming that the intrinsic distribution of XI2/25 ratios for normal stars has a Gaussian distribution, and that there should be a 50% chance of finding one star as blue as the bluest one in the sample. For example, the full sample of A-type stars contains 91 members, and if an uncertainty Y = 5% is assumed for the X12/25 ratio and propagated along with the photometric uncertainties, then the bluest "A" star has an X12/25 ratio 2.54 a below the median [cf. the Gaussian integral from -2.54 a to 0 <r, which equals (1-1 /91 )/2]. e) Discovery of Cases of Significant Excess Predicted 25,60, and 100 pm photospheric flux densities for each star were calculated using the observed 12 pm flux density and the X12/25, etc., values for its spectral class. Significance of any 25, 60, or 100 pm flux density excess relative to the photosphere was calculated from the following formula, assuming that the uncertainty is a quadratic combination of uncertainty in the predicted photosphere level and uncertainty in the observations:
1. Excess, e x = (/ x -/ 12 /^0; 2. Deviation, <r e = ±[a x 2 + MX) 2 + (Yf l2 /X 2 ) 2 ] l/2 ; 3. Significance, e x /a e = (excess/deviation).
The PSC2 signal-to-noise ratio in each band was used as the observational error, a x . This involves the assumption that the photometric scatter over the course of the mission to first order would not have changed the band-to-band ratios. The X and Y values in equation (1) are the flux density ratios X12/25, XI2/60, and XI2 /100 and their uncertainty described above and listed in Table 1 .
We then applied a "believability criterion," the minimum excess considered significant, a CTit , to find stars with excess emission at 25, 60, or 100 pm relative to 12 pm. The values of amt are listed in column (7) of Table 1 . We eliminated cases showing excesses only at 100 ¿¿m, and excess color temperatures less than 40 K ( Low et al 1984) , because these are probably characteristic of infrared cirrus contamination.
in. RESULTS
The median X12/25 ratios for each spectral class resemble values found for subsamples of the Gliese catalog by Backman and Gillett ( 1987) using co-added IRAS survey data. The corresponding colors are in good agreement with the median colors determined by Cohen et al ( 1987) when considered by spectral class (not by subclass, given the inaccuracies of SAO classifications). For example, the implied average 12/25 ratio for A dwarf stars is 3.80 in Cohen et al, compared with our value of 3.90. Cohen et al imply 4.09 for G dwarfs, compared with 4.05 in our study. The corresponding color temperatures are in general much lower than the effective temperatures of the stars, although the wavelengths spanned are far enough from the respective blackbody peaks that the difference between Planck ratios at the effective temperature and the observed ratios is only a few percent. The cool color temperatures could reflect a slight systematic error in the ratio of the IRAS Aumann ( 1989) . We present four additional tables of data for stars found to have significant far-IR excesses. Table 2 lists identifications and references for individual objects, determined in many cases using the Observatoire de Astronomique de Strasbourg's SIMBAD electronic data base. Table 3 gives the excess flux densities computed by the procedure outlined above; for the 60 and 100 ¿¿m bands, there is an additional column showing the color temperature for that band, derived by the ratio of B n -i /B n • Note that the typical 1 <r uncertainty in the IRAS 12 ¿an flux measurements is 0.09 Jy. Tables 4 and 5 give statistical summaries of the occurrence of excess by stellar temperature and luminosity class and by wavelength.
Many of the stars with far-IR excesses but without SAO spectral type entries (our class "X") had a spectral classification in the SIMBAD data base. Those stars with a defined spectral class were moved to the appropriate spectral type in Tables 4 and 5 . The following were transferred from the initial group of X-type stars: 25 M types, 4 K types, and 1 F type. In addition, one M star was transferred from the A stars after SIMBAD identified it as an M star. After it was added to the new list, the infrared excesses of these stars were recalculated with X and Y values corresponding to their true spectral types.
The number of stars with excesses is shown in Table 4 as a function of complete spectral classification. The B, A, and F types with excess emission are clearly dominated by main-sequence stars, while giants dominate the G, K, and M stars. Several of the B stars found to have excess are Be stars (Cote 1987) , and free-free emission could contribute to the multiband excesses observed, but only higher spatial resolution and observations at other wavelengths will completely determine this.
In order to understand the frequency of different types of infrared mechanisms operating in our sample, we also calculated numbers of stars with excesses as a function of the IRAS band involved, which are presented in Table 5 . These frequencies are normalized to the 60 ¡xm frequency for each spectral type. These statistics indicate a predominance of 60 and 100 ¿an excesses among A, F, G, and K stars, and 25 ¿an excesses among B and M stars. The M types show substantially more 25 ¿¿m excess sources than 60 ¿¿m excess sources. The steady rise in the ratio of 100 to 25 ¿an excesses, from A to K, seems significant, with a strong downturn in the M stars. The similarity of the "X"-type to M-type statistics suggests that the majority of the untyped stars are probably M giants (Miras).
a) Notes on Individual Objects i) B Stars
The B stars show frequent infrared excesses, in most of the IRAS bands. There are 12 stars with good detections which have 25 ¿an excesses, and four stars without 25 ¿on. The spectral types of the stars without 25 ¿on detections seem to be cooler: B9 III, B5 Hipe, B9 V, and B8 V.
Six of the B stars with excesses are Be stars. The relatively high frequency of Be stars in our list (6 /17) suggests that the mechanism causing the Be star phenomenon is probably well correlated with the development of infrared excesses, as discussed by Cote and Waters ( 1987 ) , namely, thermal radiation from circumstellar dust or free-free emission from circumstellar plasma. The majority of our Be stars had the characteristic that their 100 ¿an flux was below the limit of detection. Cote ( 1987) discussed the infrared excesses of an additional six B stars (not coincident with our list) and concluded that several are Be star candidates, given similar patterns of IR excesses.
\\) A Stars
Among the A stars, we see a shift toward far-infrared excesses. Only five of our 18 A-type stars exhibit a 25 ¿an excess. The spectral types for these are A0, A3 V, A5 V, A0 V, and Ap. The rest show 60 and 100 ¿on excesses. Three stars were already reported as having circumstellar material: ß UMa (star 1 ), Al V, has excesses only at 60 and 100 ¿an, and a PsA (star 13), A3 V, has excesses only at 60 and 100 ¿on, while ß Pic ( star 14 ), A5 V, has excesses at all three bands. Both a PsA and ß Pic have large 100 and 60 ¿¿m fluxes and excesses. Again, Cote (1987) discusses an additional 18 low Galactic latitude A stars with similar infrared excesses, in terms of circumstellar dust. It appears that the frequency of Vega-like disks is high.
iii) F Stars
The F stars with infrared excesses are more of a mixed bag of luminosity classes, with dwarfs and giants evenly represented. The spectral types of the two stars showing excess at 25 ¿an are F8 and F3 lb. Another star is classified as an A7 IVn pulsating star. The star r Eri ( F6 V ) is surrounded by a circumstellar disk . It has the second highest excess for 60 and 100 ¿on and the third highest excess for 25 ¿¿m. SAO 6012, an F8 star, is the one star with no 60 ¿on excess. It has the second highest 25 ¿an excess. This object could conceivably be a postasymptotic giant branch (post-AGB) star.
iv) G Stars
As we move toward later spectral types, the statistics improve with larger numbers of detections of infrared excesses, but the anonymity of the stars increases too. Those objects with luminosity class assigned in SIMBAD show a preponderance of giant type. Of the 19 G stars with excesses, several were listed in SIMBAD as K and F stars. Five stars showed 25 ¿an excesses. Of these, three were of type GO (GO, GO, and GOp lab), and the others were not listed as being G stars but were classified as F3 la, K0 III, and K1 HI.
All three of the stars not showing 60 ¿on excesses were of similar type, namely, G5 HI, G8 III, and G8 HI, and possibly binary. R CrB (SAO 141527), the archetypal post-AGB star, has excesses no more extreme than several other stars at 60 and 100 ¿¿m. Four of the five binary stars had an excess at 60 and 100 ¿un but not at 25 ¿an, with the fifth having an excess only at 100 ¿un.
v) K Stars
Among the K stars, there appears to be a high frequency of giants with far-infrared excesses. Six main-sequence stars were found as well. However, the luminosity classes of many of these //L4*S-selected K stars remain to be determined. Of the 54 K stars, several again were listed by SIMBAD as G or M stars. Overall, the K stars have the lowest frequency of excesses of all spectral classes surveyed. It is interesting to note the increasing frequency of luminosity class III giant stars among the objects with infrared excesses. We will comment on this below.
vi) M Stars Not surprisingly, late M giants-often Mira variables-occur in large numbers in our collection of M stars with infrared excesses. However, in addition to these anticipated 25 pm excess sources, there is a population of early M giants (semiregular variables) and M stars with far-infrared excesses, both of which deserve additional study. We argue that the infrared colors and fractional luminosity can help discriminate among various scenarios for producing the variety of infrared excesses we have described in the preceding section. The models we wiU explore are ( 1 ) ongoing mass loss, (2) Vega-0 Pic disk systems, (3) residual emission from terminated mass loss, and (4) warming of nearby interstellar material. We eliminate line-of-sight confusion with infrared cirrus and the heating of cometary clouds for the following reasons: cirrus is too cold to produce the tabulated excesses, and the surface area of large bodies in cometary clouds is expected to be well below our PSC2 limits (Stem et al 1990) .
a) Ongoing Mass-Loss Models
We first investigated whether the infrared excesses could be explained by currently forming dust grains in an outflowing stellar wind. In order to calculate flux densities at //L4S wavelengths from a spherical distribution of particles, we defined an AEmin by the vaporization of refractory materials ( 1000 K) in the inner portions of the circumstellar envelope, and an in the outer envelope, set to where the equilibrium temperature reaches 35 K. Negligible flux density is added into the IRAS bands from outside this sphere. Additional assumptions of the models included ( 1 ) the particle radius, a = 0.1 (2) radiative efficiency of small particles (X -1 ); and (3) volume density distribution with a radial power-law exponent, 7 = -2. The models were parameterized by the optical depth at 5400 Â.
Results for a grid of models are shown in Table 6 , with stellar parameters (effective temperature and luminosity) adopted from Allen (1973, p. 209) . The general conclusion from this model is that, for a wide range of stellar luminosities, effective temperatures, and shell optical depths (up to 0.1 ), the colors of the infrared excesses, computed in the IRAS bands, show the pattem whereas >f6o ß m > flOO pm • This pattern fits the distribution seen only in the late M giants (Miras) in our sample ( Fig. 1 and Table 6 ). Thus we must consider other explanations for the 60 /xm excesses among the bulk of our selected stars.
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b) Disk Models
The discovery of long-wave infrared excesses around Vega and other stars (Aumann et al 1984; Gillett 1986) , and the subsequent direct imaging of the ß Pic disk (Smith and Terrile 1984) , suggest that many of our sources with similar colors could be interpreted as having cold disks. We developed a disk model assuming ( 1 ) a collisionally dominated distribution in particle radii a, with an a~3-5 distribution (Wittebom 1978); (2) minimum size limited by radiation force expulsion, and maximum size up to 1 mm ( although the results are insensitive to this upper limit); and (3) a radial surface density distribution of r -17 , as determined from optical data for the outer portions of the ß Pic disk ( Artymowicz, Burrows, and Paresce 1989) . We parameterized the disk density in terms of the fraction of the stellar luminosity geometrically intercepted by the particles in the disk.
Results are given in Table 7 . The shape of the infrared energy distribution is modified compared with the continuous mass-loss case, and shows its peak output at longer infrared wavelengths. This is consistent with the locus in the color-color diagrams of Figure 1 . Furthermore, the mean observed value of log (fzsum/fiinm) ^ larger among the A and B stars than among the G and K stars, in the sense predicted by the disk model.
c) Other Causes
The prospects for detection of terminated mass-loss remnants among post-helium flash giants are worth considering, since they would provide a useful diagnostic of evolutionary status. We note the number of G and K giants with significant long-wave infrared excesses. The crossing time for the dust in the shell, given current stellar wind speeds of G-K giants ( ~ 100 km s -1 ; cf. Cassinelli 1979), is at most a few hundred years. Therefore, the chance of detecting a star with an interrupted wind still occupying a volume with the range of temperatures of interest is small. Second, the possibility that the high-luminosity phases heat the residual cometary clouds of such stars cannot be ruled out ( Stem, Shull, and Brandt 1990 ) , **** **** < 40 **** 104 **** < 40 **** **** > 45 < 40 **** **** **** **** 58 **** **** **** though it seems unlikely to be at the comparatively high opacity levels needed for visibility to IRAS.
An alternative possibility in some cases is the heating of interstellar material by stars as a result of random encounters with cloudlets. However, for stars of giant luminosity (>100 L 0 ), it can be shown that radiative forces on grains the size of those in the interstellar medium (ISM) prevent their close approach, assuming random encounter velocities of 20 km s -1 , and thus limiting warming to less than 40 K. In the case of lower luminosity stars, the temperature of the ISM material warmed by the star will be entirely different from that of material connected with the star because the number density of grains will not depend on distance from the star. If the star is completely embedded in a cloudlet which fills the IRAS beam ( >0.1 pc diameter at 100 pc ), the bulk of the material will lie at the coldest temperatures, and the overall temperature of the material lying within the IRAS beam will be less than 40 K. If stars commonly illuminate passing cloudlets, low-temperature excesses should be much more common than warmer excesses, owing to the increased likelihood of encounters at larger distances, but this is not observed in our data. Excesses between 40 and 60 K are not much more common than those between 60 and 80 K.
V. CONCLUSIONS
We conclude the following: 1. Approximately 7% of the 5706 high Galactic latitude SAO stars surveyed show significant infrared excess in one or more of the /Ribands, compared with photospheric extrapolation from their 12 /an flux density level.
2. Infrared excesses are more frequent among main-sequence stars of earlier spectral types than later ones (within the overall detection statistics); this is explicable as a bolometric luminosity effect in our magnitude-limited sample.
3. Infrared excesses that we detected among G and K stars occur more frequently for giants than for dwarfs.
However, there is a strong observational selection effect in the volume encompassed by the SAO Catalog magnitude limit for giants versus dwarfs (a factor of ~ 10 in distance). Considering the relative space densities, ~5 X 10~5 stars pc' 3 for all G-K giants and ~ 10 -2 stars pc _3 for all G-K dwarfs ( Allen 1973, p. 251 ) , we estimate that our sample includes G-K giants and dwarfs in the proportion 6:1, which is also about the frequency of infrared excesses by luminosity class.
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